The unique proline isomerase Pin1 is pivotal for protecting against age-dependent neurodegeneration in Alzheimer's disease (AD), with its inhibition providing a molecular link between tangle and plaque pathologies. Pin1 is oxidatively modified in human AD brains, but little is known about its regulatory mechanisms and pathological significance of such Pin1 modification. In this paper, our determination of crystal structures of oxidized Pin1 reveals a series of Pin1 oxidative modifications on Cys113 in a sequential fashion. Cys113 oxidization is further confirmed by generating antibodies specifically recognizing oxidized Cys113 of Pin1. Furthermore, Pin1 oxidation on Cys113 inactivates its catalytic activity in vitro, and Ala point substitution of Cys113 inactivates the ability of Pin1 to isomerize tau as well as to promote protein turnover of tau and APP. Moreover, redox regulation affects Pin1 subcellular localization and Pin1-mediated neuronal survival in response to hypoxia treatment. Importantly, Cys113-oxidized Pin1 is significantly increased in human AD brain comparing to age-matched controls. These results not only identify a novel Pin1 oxidation site to be the critical catalytic residue Cys113, but also provide a novel oxidative regulation mechanism for inhibiting Pin1 activity in AD. These results suggest that preventing Pin1 oxidization might help to reduce the risk of AD.
Proline-directed protein phosphorylation (pSer/Thr-Pro) is a central signaling mechanism in diverse cellular processes. Certain pSer/Thr-Pro motifs in polypeptides exist in two completely distinct conformations, cis and trans, the conversions of which are markedly slowed upon phosphorylation, but yet are specifically catalyzed by the unique peptidylprolyl cis/trans isomerase Pin1 (Lee et al., 2011b; Liou et al., 2011; Lu and Zhou, 2007) . This striking substrate specificity results from the unique N-terminal WW domain and C-terminal PPIase domain of Pin1 (Lee et al., 2011b; Liou et al., 2011; Lu and Zhou, 2007) . The WW domain binds only to specific pSer/Thr-Pro-motifs and targets Pin1 close to its substrates, where the PPIase domain isomerizes specific pSer/Thr-Pro motifs and induces conformational changes in proteins (Lee et al., 2011b; Liou et al., 2011; Lu and Zhou, 2007) . Importantly, such Pin1-induced conformational changes following phosphorylation control various protein functions, including their catalytic activity, phosphorylation status, protein interaction, subcellular location, and/or protein stability (Lee et al., 2011b; Liou et al., 2011; Lu and Zhou, 2007) . Not surprisingly, due to its vast protein targets, Pin1 is important in many cellular processes involving Pro-directed phosphorylation, including the cell cycle, cell signaling, transcription and splicing, DNA damage responses, germ cell development and neuronal survival (Girardini et al., 2011; Lee et al., 2011b; Liou et al., 2011; Lu and Zhou, 2007; Yuan et al., 2011) . Significantly, these Pin1-induced conformational changes after phosphorylation can profoundly impact diverse cellular processes, especially in aging and Alzheimer's disease (AD) (Atchison et al., 2003; Butterfield et al., 2006a; Lee et al., 2009 Lee et al., , 2011b Liou et al., 2002 Liou et al., , 2003 Lu et al., 1999 Lu et al., , 2003 Ryo et al., 2001; Zhou et al., 2000) .
These cis and trans conformation-specific functions and their regulation by Pin1 have been directly demonstrated by the development of cis 
